INTRODUCTION
Recently many kinds of linear high polymers have been synthesized and their mechanical properties have been measured. The relationship between the chemical structures and the mechanical properties is not simple. In many cases even a slight change in the former has a strong effect on the latter.
An important factor closely related to both chemical structure and mechanical property is the conformation of polymer chains. The possibility of exploring stable conformations ofpolymer chains and the effects which the chemical structure gives to them seems to be the key to the above relationship.
The factors determining the conformation may be classified into two kinds, the intramolecular effect and the intermolecular effect. Sometimes a polymer chain has only one possible conformation determined by its intramolecular energy. However, sometimes many possibilities exist and the conformation it takes is determined by the intermolecular energy and also by the way the chains are packed.
In order to study these two effects separately, the model compounds are important. They can be studied in solutions, in the solid state, in liquid state and even in the gaseous state. The results obtained will teil how the conformations are determined by the chemical structures and how they are affected by the environment.
From this point of view a series of studies on the model compounds of vinyl polymers has been carried out in our Iabaratory in Tokyo since 1959 1 -5. This :field has also attracted the interest of many scientists in Czechoslovakia, in the United States and in J apan6-3 4 • The study of model compounds has become very active especially since the use of NMR spectra was recognized to give useful information on the tacticity of polymers.
In the present paper the author wishes to summarize the results obtained in our laboratory and to discuss them in relation to those reported by other authors.
MODEL MOLECULES
We have choscn the following 2,4-disubstituted pentanes (DP) and 2,4,6-trisubstituted heptanes (TH) as the model molecules ofvinyl polymers: The conformations ofthese molecules provide experimental basis for understanding the structures of linear high polymers. As shown afterwards, their infrared and NMR spectra arealso very useful in interpreting the polymer spectra. These model molecules are often called "dimers" and "trimers". However, a different nomenclature, such as adopted in the present paper, would be helpful in order to avoid confusion with the ordinary dimer CHa-CHR-CH=CHR, and trimer, CHa-CHR-CH2--CHR-CH= CHR.
The two-unit and three-unit models have two and four axes of internal rotation, respectively. Since the trans (T) and the gauehe (G and G') forms are the stable forms of internal rotation35, 36, the two-unit model has nine rotational isomers and the three-unit model has eighty-one rotational isomers.
The trans and gauehe forms do not always mean that the angles of internal 288 rotation are exactly 180° and ± 60°. However, the accumulated experimental facts, including those obtained for the linear high polymers35, 36,
show that the angles of internal rotation can deviate from 180° and ± 60° only slightly in the case of C-C-C-C chains. lf the deviations from 180°
and ± 60° arenot large, many of the rotational isomers cited above can be safely rejected by "the rule of GG' inhibition". This rule is expressed thus: "the GG' conformation is not stable for the X-C-C-C-Y group, in the absence of attractive forces between the terminal X and Y atomic groups". The notations, G and G', are used when it is necessary to discriminate between the two gauehe forms, right-handed and left-handed, and it is easily seen that the X group is too close to the Y group for the conformation to be stable when the first C--C bond takes the right- If we rejeet all the GG' eonforrnations for C-C-C-C-C, C-C-C-C-R and R-C-C-C-R ehains, seven rotational isorners of the two-unit modeland seventy-eight rotational isorners of the three unit rnodel are elirninated. The forms of the rernaining two and three rotational isorners are given in Figure 1 . In Table 1 the trans-gauche relations for the Table 1 . Gauche-trans relations between ß-hydrogens, a-hydrogens, a-carbons and the substituents (G and T atoms and the atomic groups, which are useful for the following discussions, are given for these isomers.
It is surprising that so many rotational isorners cannot be stable. This is characteristic ofthe vinyl polymers consisting of a, y-disubstituted structures. As discussed afterwards, this seerns to be closely related to the fact that the ordinary vinyl polymers do not show rubber elasticity. Now the problern is to determine the most stable form among those shown in Figure 1 and to measure the existing ratios of the less stable form to the more stable one. The answer to this problern depends upon the kind of the substituents, R. As a typical example the model molecules of polyvinyl chlorides (PVC) will first be described and then the results for the other substituents will be discussed.
INFRARED SPECTRA OF PVC AND ITS MODEL COMPOUNDS
I t is widely recognized that the C-Cl stretching bands appearing in the infrared spectra of chloro-derivatives of saturated hydrocarbons aresensitive to conformations. This factwas first pointed out by Mizushima et al. 37 and confirmed by Krimm et al.38. For molecules with the secondary C-Cl bonds this band appears at 600-640 cm -1 when the Cl atom is trans to only hydrogen atoms (SHH) and appears at 670-700 cm -1 when the Cl atom is trans to a carbon atom and a hydrogen atom (ScH) .
It is also recognized that two or more consecutive SHH structures give rise to a cloubiet at 600-615 cm-1 and at 625-640 cm-1. The former corresponds to the antisymmetric C-Cl Stretching vibration and the latter to the symmetric one. The isolated SHH appears at 610-630 cm-1.
These bands sometimes shift to a lower frequency in crystals. However, ordinarily they follow the above rule strictly. Moreover, they are of a very high intensity, isolated from the other bands, and very useful for the conformational analysis of polyvinyl chloride39-4I.
The infrared spectra of PVC nwdel compounds, 2,4-dichloropentane (DCP) and 2,4,6-trichloroheptane (TCH) were studied in detail by Shimanouchi, Tasumi and Abel, 2. The schemes ofthe spectra in the region referred to above are summarized in Figure 2 . The frequencies are given in Table 2 . Figure 2 shows that Figure 2 . The infrared spectra in the C-Cl stretching region for polyvinyl chloride and its model compoundsl, 2. The band with asterisk is due to the heterotactic-TCH impurity. Doskocilova et a/. 33 show that the pure syndiotactic-TCH gives no band in this region. The dotted line for PVC is the spectra of syndiotactic polyvinyl chloride cent of the GG form of dl-DCP would give rise to the ScH band at about 690 cm-1. However, there is no such band in the observed spectra. The spectra ofmeso-DCP, isotactic-TCH and heterotactic-TCH have the ScH band. This is in agreement with the fact that the TT or TTTT form is not stable for these molecules as shown in Figure 1 . 
Coupling constants (J in c/s) and the difference between the chemicalshifts "A-"Bat 25°C and 60 MC in the carbon tetrachloride solution. In these calculations the coupling assumption "A < vs gives another set of constants. However, the same conclusions are obtained by the latter set 3 • These spectra will be discussed in detail afterwards for the individual molecules.
NMR SPECTRA OF PVC AND ITS MODEL COMPOUNDS
The NMR spectra of dl-and meso-DCP were measured by Chujo et 33 .
These spectra and also the spectra of PVC studied by several authors42-47 show that the multiplet signals arising from the ß-CH2 protons are sensitive to the tactic properties. These signals become simpler when they are decoupled from the a-CH protons by the double resonance technique47. The schemes of the decoupled spectra are summarized in Figure 3 .
T T Figure 3 . The NMR spectra of ß-protons decoupled from a-protons 2 ,3. There are two kinds of ß-CH2 protons in these compounds, racemic For syndiotactic-TCH, it is expected that VAB for its two methylene groups is far smaller than J AB and the separation, S, is too small to be detected.
In the case of meso-DCP, however, the situation is different. The magnetic environment for HAis different from that of HB and the separation S is expected to be considerable. In fact the spectrum of meso-DCP shown in Figure 3 has four peaks with an intense inner pair of considerable separation.
Heterotactic-TCH has a racemic peak similar tothat of dl-DCP and a meso pair similar to that of meso-DCP. These are just what we may expect from the structure of heterotactic-TCH.
For isotactic-TCH the situation is again different. As shown in Figure 3 it has only one peak for its meso methylene groups. This change is ascribed to the change in VAB· The calculation described below gives 7·31 cjs (at 60
Mc) for VAB ofthis molecule as compared with 17·74 cfs (at 60 Mc) forthat ofmeso-DCP. The obtained value of ]ABis-13·93 cjs and these values give a too small value of S to be detected for isotactic-TCH. The decrease of VAB for this molecule can be understood from the magnetic environment due to the other part of the molecule.
The interpretation ofthe NMR spectra ofmodel compounds leads directly to that of PVC, given in Figure 3 . The two peaks of the ß-proton spectra of PVC decoupled from a-protons are assigned to the meso and the racemic structures, and the intensities of these two peaks give the relative amounts of these two configurations.
The a-proton spectra of PVC decoupled from ß-protons show three peaks corresponding to the three configurations of a-proton, syndiotactic. heterotactic and isotactic as shown by Bovey et al. 4 7 The analysis of the a-proton spectra of the syndiotactic heterotactic-and isotactic-TCH described below3
show that the chemical shifts ofthe central a-protons ofthese molecules ( Ty) definitely give the assignments shown in Figure 4 . The two sets of assignments in Figure 4 provide a powerful method of analysing the tacticity of PVC in detail.
In order to confirm the above interpretation quantitatively, the author and his collaborators 3 have tried to obtain the values of the chemical shifts, well as the chemical shifts and the coupling constants related to the methyl group. The method of least squares and a simpler method adequate for a high speed computer, which were used for the force constant adjustrnents 4 8, have been appEed to the present problem. The result definitely supports the above interpretation. Some of the obtained values are given in Table 2 . These values provide useful information about the conformations of the molecules.
CONFORMATIONS OF PVC MODEL MOLECULES
In addition to the infrared and NMR spectra the dipole moments have becn mcasured for some of the P'/C model compounds 2 • The data for each or thc molcn~les are surnmarized in Table 2 .
dl-DCP
There are two possibilities, TT and GG, for the conformation oftbis molecule. As referred to above the infrared spectra definitely show that the TT form is far more stable than the GG form 1 • The energy difference between these two rotational isomers was estimated to be 1·7-2·3 kcalfmol from the steric repulsion between the methyl and the methylene groups and the electrostatic interaction between the two C-Cl bondsl. Figure 4 . The NMR spectra of polyvinyl chloride and the assignments of peaks to the meso-, racemic-, syndiotactic-, isotactic-, and heterotactic-conformations 3 • Curve A is the a-proton spectra decoupled from ß-protons and Curve B is the ß-proton spectra decoupled from aprotons. Circles derrote the substituent groups.
The energy difference was also estimated from the NMR spectra by
McMahon and Tncher 2 9. The obtained value, 1·5 ± 0·3 kcalfmol, seems tobe too small to explain theinfrared spectra. They also estimated the energy difference from the steric repulsion only. However, the electrostatic interaction has to be taken into account, too. The energy differences between different rotational isomers for many simple molecules can be explained only when these two factors are taken into account35.
That the difference between 1 AX and 1 AY is 7·0 cjs also supports the conclusion brought above. The mixture ofTT and GG will make this difference smaller as understood from Table 2 .
Meso-DCP
This molecule has only one possible form, TG or GT as shown in Figure 1 . All the experiments confirm this assumption. The infrared spectra show the two C-Cl Stretching bands, SHH Isotactic-TCH There are three possible forms, TGTG, GTGT and GTTG'. The form er two are the rnirror irnages of each other and equivalent in energy. As shown in Table 2 the dipole mornent and theinfrared spectra cannot provide helpful information. However, the fact that the differences J AX-J AY and Heterotactic-TCH Three rotational isomers are possible for this molecule ( as shown in Figure 1 and Table 2 ). The GGTG form is first rejected, because the GG conformation is far less stable than the TT conformation as seen in the case of dl-DCP and syndiotactic-TCH. The values of 1Ax-1AY and ]Bx-]BY of the dl-part of this molecule support the above conclusion. The conclusion that the TTTG form is much more stable than the TTGT form is derived from the infrared spectra. As shown in Table 2 , the adjacent two SHH structures ofthe TTTG form should give a cloubiet at 600-615 cm-1 and 625-640 cm-1 and the two isolated SHH structures of the TTGT form should give a singlet SnH at 610-630 cm-1 . The observed cloubiet at 610 and 627 cm-1 shows that the TTTG form is the main component. However, it is possible that the SnH singlet ofthe TTGT form is hidden between the two peaks ofthe doublet. Moreover, the measured dipole moment is larger than that estimated for the TTTG form and the differences J AX -1 AY and ]Bx -1BY are too small tobe explained by the TTTG form only. Thesefactsshow that apart of the heterotactic-TCH molecules takes the TTGT form. This conclusion is in agreement with that of Doskocilova et al. 33 However, the energy difference between these two rotational isomers is larger than that estimated by them.
I t would be helpful if we could calculate the energy of rotational isomers of DCP's and TCH's. However, there are too many unknown factors when attempting to calculate the steric repulsions and the electrostatic forces. The slight deviations in the angles of internal rotation will also cause considerable uncertainties in the energies of rotational isomers. The interaction energies we may use have to explain not only the barrier to internal rotation, but also the energy differences among rotational isorners observed for small molecules.
CONFORMATION OF PVC CHAIN
The structures of dl-DCP and syndiotactic-TCH strongly suggest that the syndiutactic chain of polyvinyl chloride takes the (TT)n conformation (Figure 5 a) . That this is the case has been shown by the X-ray diffraction analysis49 and the dichroism of the infrared spectra and the normal COordinate treatments41, 50, 51. The structure of the isotactic polyvinyl chloride is not yet known, since it has not yet been synthesized. However, the structures of meso-DCP and isotactic-TCH strongly suggest that the isotactic polyvinyl chloride molecule takes the threefold helix, (TG)n or (GT)n, similar to the case of the isotactic polypropylene (Figure 5 d) .
The fact that the heterotactic-TCH molecule can take two kinds of rotational isomers, TTTG and TTGT, suggests that the flexible joints of the PVC chain are at the atactic parts.
Suppose we have a PVC chain of the following tacticity: mmmmmrrrrmmm where m and r denote the meso and racemic configurations, respectively. The results summarized above mean that this chain takes one of the following four conformations:
TC TC TC TC TC TT TT TT TT TC TC TC T C T C T C T G T G T T T T T T T T C' T G' T G' T C'T G'T G'T G'T G'T TT TT TT TT TG TG TC C'T G'T G'T G'T G'T TT TT TT TT G'T G'T G'T
The number of the accessible conformations is far smaller than we expect for the linear polymer chain. However, this is what the structures of model compounds suggest and this seems to be characteristic of the vinyl polymers which have many conformations rejected due to the rule of GG' inhibition. In addition, in the case of polyvinyl chloride, the high energy of the GG conformation makes the number of possible conformations even smaller.
CONFORMATION OF POLYACRYLONITRILE AND ITS MODEL COMPOUNDS
Theinfrared spectra of the two-unit model compounds have been studied by Fujiyama and the author4. Figure 6 shows the spectra of dl-2,4-dicyanopeptane (dl-DCyP) and meso-2,4-dicyanopentane (meso-DCyP) in the dl-OCyP meso.-DCyP YV\!1 1 400 1200 1 000 800 600 400 cm-1 Figure 6 . Infrared spectra of dl-and meso-2,4-dicyanopenta.nes in the liquid state4 liquid state. The two spectra are similar in the NaCl region. However, in the region of 100-600 cm-1, where the CCC and CCN deformation vibrations occur, the two spectra are difinitely different from each other. The skeletal deformation vibrations, including those of the C-C N structure which are sometimes strongly coupled with the CCC deformation vibrations, are sensitive to configurations and conformations. An interesting factisthat some ofthe infrared bands of dl-DCyP disappear when the molten sample is slowly crystallized. For instance, the band at 822 cm -1 observed in the malten state at sooc and 100°C cannot be found in the crystalline state as shown in Figure 7 . This fact suggests that the dlDCyP molecule is able to take the TT and GG forms in the~liquid and the amorphaus solid states and to take only the TT form in the crystal. The calculations of normal vibrations also support this view. Comparing these calculated frequencies with the observed ones, one can assign all the bands remaining in the crystal to those of the TT form, the bands disappearing in the crystal to those of the GG form and also all the infrared bands of meso-DCy P to those of the TG form. Thus the difference between DCP and DCyP is definite. Only the TT form is stable for dl-DCP and both the TT and GG forms is stable for dl-DCyP. A similar situation is observed for the case of 1,3-dichloropropane52 and 1,3-dicyanopropane 4 • For the former the gauchr:-gauche form, corresponding to the TT form of dl-DCP, is far more stable than the gauche-trans and trans-trans forms. For 1,3-dicyanopropane the trans-gauche form is more abundant than the gauche-gauche form in the liquid state.
This difference betwe:en the choro-derivatives and the cyano-deviatives can be explained from the electrostatic interaction53. Figure 8 shows the energy of the electrostatic interaction, U, between the two dipoles, C-Cl or C-CN, for the TT and GG forms as functions ofthe distance, r, between the a-carbon atom and the centre of the dipole. For dl-DCP this distance r is about 0·9 A and the electrostatic energy for the TT form is far larger than that of the GG form. This difference in energy explains a considerable part
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-0·5 Figure 8 . Electrostatic interaction energy ( U in kcalfmol) between the two substituent bonds with a dipole moment (JL in 10-18 esu) for the TT and GG forms as functions ofthe distance (r in A) between the chain carbon atom and the centre of the dipole of the substituent bond53 of the stableness of the TT form. However, for dl-DCyP the distance, r, is about 2·1 A. In this case the electrostatic energy for the TT form is almost the same as that of the GG form as shown in Figure 8 . The energy difference between the TT and GG forms are determined by the steric interaction only. Recently McMahon and Tincher 2 9 measured the energy difference between the two rotational isomers, TT and GG of dl-DCyP, by the NMR spectra. The obtained value, 1·2 ± 0·3 kcalfmol, is consistent with the result of the infrared spectra. However, the energy difference calculated by them from the steric repulsion is undoubtedly too large.
These results suggest that the syndiotactic polyacrylonitrile molecules are able to takenot only the (TT)n form but also the (TT)n form including the GG conformation (Figure 5 b) . This makes the number ofthe accessible forms !arger than that of polyvinyl chloride. Two consecutive GG conformations are rejected because of the steric repulsion between the side chain and the main chain.
CONFORMATIONS OF POLYPROPYLENE
When the substituent R is the methyl group, the TT and the GG forms of Figure 1 have the same energy. This fact suggests that the conformation ofthe syndiotactic polypropylene is (TT)n, (TTGG)n or the forms consisting of both TT and GG (Figures 5 a, b, c) . The second form was first found by Natta et a[. 54 and the first form has been recently found by Natta et af. 55. The only accessible form for the meso-isomer is TG or GT. This fact suggests that the isotactic polypropylene takes the (TG)n form, which corresponds to the three-fold helix found by Natta and his collaborators56.
The situation seems to be similar for polystyrene and its model compounds31, 34 .
CONFORMATIONS OF VINYL POLYMERS
The three examples stated above suggest that the syndiotactic and isotactic vinyl polymers may take the following stable conformations.
In the case of the syndiotactic polymer, there are three possibilities.
( i) The TT conformation is far more stable than the GG one as shown for polyvinyl chloride. In this case the syndiotactic chain takes the (TT)n conformation only (Figure 5 a) .
(ii) The TT conformation is more stable than the GG one and the energy difference between these two forms is not much larger than k T. Polyacrylonitrile is a good example for this case. Here the syndiotactic chain takes (TT)n or the mixture of TT and GG. The latter conformation (Figure 5 b) can include one or more GG forms according to the energy difference between TT and GG . The position of GG can migrate in the chain.
(iii) The GG conformation is as stable as the TT one. Polypropylene belongs to this case. Such a syndiotactic chain can take ( TT)n, the mixture ofTT and GG, and also (TTGG)n (Figure 5 
c).
For the isotactic chain, there are two possibilities.
(iv) The TGTG conformation is far more stable than the GTTG' one. In this case the isotactic chain can take (TG)n or (GT)n only ( Figure 5 d) .
(v) The TGTG and GTTG' conformations are almost equal in energy.
In this case the three-fold helix can acquire one and only one GTTG' structure ( Figure 5 e) . This part can migrate in the chain.
For the heterotactic part of vinyl p3lymer, therc are three pmsible conformations, TTTG, TTGT and GGTG. In the case of polyvinyl chloride the former two conformations are admitted. When the GG conformation is admitted for the syndiotactic part as in the case of polypropylene, the heterotactic part can take all of these three conformations and the number of accessible conformations increases.
POLYVINYL ALCOHOL AND ITS MODEL MOLECULES
When the substituent R is a hydroxyl group, the situation is considerably different from that stated above. Due to the intramolecular hydrogen bond between the two hydroxyl groups, the GG' conformation for the OH-C-C-C-OH chain is admitted in addition to the forms given in Figure 1 . This type of hydrogen bond has been shown clearl y by Oka and the author. Figure 9 shows the near infrared spectra of dl-and meso-2,4-dihydroxy pentanes (DHyP) and syndiotactic, isotactic and heterotactic-2,4,6-trihydroxy heptanes (THyH) in carbon disulphide solutions.
When the concentration is large, these molecules form the intermolecular hydrogen bonds. Therefore, the spectra have been taken for the very dilute solutions where no intermolecular hydrogen bond is observed.
In Figure 9 the spectrum of 1 ,3-dihydroxy propane is also shown. This molecule takes the gauche-gaucht;' conformation, which has one free OH band (3629 cm-1) and one bonded OH band (3552 cm-1 ), as weil as other conformations, which have free OH bonds (3629 cm-1 ) only.
For meso-DHyP the intensity of the bonded OH band (3538 cm --l) is I arger than tha t of free 0 H band ( 3612 cm -l). This fact shows tha t the TT form with onc bonded and one free OH band is predominant. dl-DHyP the bonded OH band (3612 cm -1) is weaker than the free OH band (3539 cm -1). The dl-DHyP molecules take partly the TG or G'T forms which have the intramolecular hydrogen bond, but these forms are not so predominant as the TT form of meso-DHyP. For isotactic-THyH the bonded OH band (3611 cm-1 ) is far more stronger than the free OH band (3504 cm -1 ), showing that the TTTT form with the two consecutive intramolecular hydrogen bonds is predominant.
F or heterotactic and syndiotactic TH y H the posi tions of the bonded and the free OH bands are almost the same as in the case of isotactic THyH. However the intensities ofthe bonded OH bands show that the conformation with the intramolecular hydrogen bonds is not so predominant for hetero·-tactic-THyH al).d syndiotactic-THyH.
The results for these model molecules suggest that the conformation with the intramolect.dar hydrogen bonds is mmT stahle for the meso stnKt ure than for the racemic structure, Hmvever, thc sit11ation \vould bc SOS different for systems consisting of these molecules and the solvent molecules such as pyridene or water30, 57 .
CONFORMATIONS AND RUBBER ELASTICITY
The study of model molecules descrihed ahove has yielded information ahout the relation hetween the chemical structures and the conformations of vinyl polymers. The general character of the vinyl polymer chain lies in the fact that it consists ofthe a,y-disuhstituted structure and that this structure makes the numher of the accessihle conformations extremely small. This is the reason why the vinyl polymer chain does not show ruhher elasticity.
At this opportunity the author would like to mention the relationship hetween the chemical structures and the ruhher elasticity as revealed by the study of small molecules.
According to the molecular theory of ruhher elasticity, a polymer will show this property if it has several conformations of equal energy content. Then the problern is to find out what kind of chemical structure will have the axis of internal rotation having two or three stahle conformations of equal energy content. The empirical results ohtained from the study of small molecules are summarized as follows:
(1) When the linear carhon chain has adequate side chains without the a-y-distributed structures, it satisfies the ahove condition.
(2) When all the side chains are of a,y-disuhstituted structure such as The reason is explained as follows. The linear ca.rbon chain with no side chain has the energy of internal rotation shown in Figure 10 a. It has one minimum which is lower than other minima. If it has an adequate side chain the energy curve becomes similar to that shown in Figure 10 b which has two equal minima. However, a-y-disubstituents change the situation as stated previously.
The structure with -CH2-CR2-CH 2 -CR 2 -gives an energy curve as shown in Figure 10 c. All three minima become less stable to the same extent. This structure has again equal minima.
When the linear carbon chain has double bonds, the axis of internal rotation adjacent to the double bond has theenergycurveshowninFigure JOd.
The study of small molecules shows that the stable conformations about the C-C axis of internal rotation is always staggered with regard to the single bonds and not with regard to the double bonds58-60. This means that the stable formofthe C=C-C-C structure is cis or skew as shownin Figure 10 d.
(The word "skew" has been used differently sometimes. However, the author wishes to use this word tentatively to express this conformation.) This curve has two equal minima. I t is probable that this condition can be fulfilled only when the C-C=C-C-C structure has the cisdouble bond, because the transdouble bond give an energy curve like in Figure 10 e which has only one minimum of lowest energy.
The adequate side chain C-C=C-C-C can make the curve as given l c in Figure 10 f In this case the energy curve has three equal minima which would give much more conformations of equal energy.
These factors concerning the rubber elasticity seem to explain the properties of ethylene-propylene copolymers (Figure 10 Figure JOf) . When the main chain has atorns other than carbon, the situation will become different because of the electrostatic interaction among the bonds in the main chain.
